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Soil Health

Literature Research: Phytoremediation
My literature research topic looks at the remediation of soil,
specifically through phytoremediation.

Phytoremediation is a method of decontaminating soil by using
plants that filter out or degrade pollutants (Rahim and Koh 2).

“Advances in Phytoremediation”. CID Bio-Science. Oct. 21, 2020. https://cid-inc.com/blog/advances-in-phytoremediation/

Phytoremediation Prospects
As soil pollution from industry and manufacturing processes around the world
increases, so does the need for an effective method of reducing this pollution
(Trimble).
Phytoremediation is a relatively “new and emerging field of ecological engineering”
that has grown among the concern of rising pollution in the environment (Trimble).

It is particularly useful for removing organic and metal contaminants from soil
(Trimble).

The Big
Picture

• With soil pollution becoming more severe, it poses a threat to
human health and the environment (Trimble).
• Heavy metal pollution can work its way through the ecosystem and food
chain and even accumulate in human bodies (Yan et. al).
• This could impact you! Methods such as phytoremediation
are crucial for minimizing this issue.

•Phytoremediation is considered cost-effective and
environmentally friendly! Other physical and chemical
methods often come with higher prices and added
pollution (Rahim and Koh 2).

Why
Phytoremediation?

•Phytoremediation is solar powered, improves soil fertility,
reduces the spread of pollutants in the soil throughout the
extraction process, and prevents erosion (Yan et. al).
•It stands as an applicable and plausible approach towards
soil decontamination!

Primary Research Article
•My primary research article, “Removal of sulphide using
phytoremediation process”, investigates the Scirpus grossus
plant’s ability to phytoremediate sulfide from spent sulfidic
caustic (SSC) in soil (Rahim and Koh 2).
•SSC is a toxic and hazardous waste that is produced by
industrial processes. It does not decompose in soil, so it
must be removed and stands as a significant obstacle to soil
health (Rahim and Koh 1).

“Scirpus Grossus 2” Flickr. April 14, 2007. https://www.flickr.com/photos/haile/2703884489

Experimental Process
•The researchers began with 9 healthy Scirpus grossus
plants and separated them into 3 containers. A synthetic
SSC was added daily to each container over a 7-day
timeframe. Each container received a different
concentration of SSC, to consider different circumstances
(Rahim and Koh 3-4).

•The researchers calculated percent of withered leaves
and percent of sulfide removal for each container. Based
on this data, they were able to determine the Scirpus
grossus’ effectiveness and survivability in SSC
contaminated soil (Rahim and Koh 3).
Rahim, Syarifah Abd and Koh, Shuan Rui. “Removal of Sulphide Using Phytoremediation Process.” Materials Today: Proceedings, vol. 5, no. 10, Jan. 2018, EBSCOhost,
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=edselp&AN=S2214785318318698&site=eds-live&scope=site&custid=s8455162

1.2g/L Na 2 S
0.8g/L Na 2 S
0.4 g/L Na 2 S

Research Data
Figure 2:
•Sulfide removal was highest on day 1, at 90% in the 0.8g/L container
(Rahim and Koh 4-5)
•It was lowest on day 5, at 26% in the 1.2g/L container (Rahim and Koh 4-5).
•Percent of sulfide removal has a decreasing trend (Rahim and Koh 4-5).
Figure 3:
•At its highest in the experiment, withered leaves only reached 28% in the
1.2g/L container (Rahim and Koh 4-5).
•The percent of withered leaves has an increasing trend (Rahim and Koh 45).

(both graphs): Rahim, Syarifah Abd and Koh, Shuan Rui. “Removal of Sulphide Using Phytoremediation Process.” Materials Today: Proceedings, vol. 5, no. 10, Jan.2018, EBSCOhost,
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=edselp&AN=S2214785318318698&site=eds-live&scope=site&custid=s8455162

•The withered leaves percentage reflects survivability, while
the percent of sulfide removal is fruitful throughout the full
timeframe (Rahim and Koh 4-5).

Scirpus
Grossus
Results

•From here, the researchers determined that the Scirpus
grossus plant proves effective for sulfide removal while
also able to maintain its own survival, making it helpful for
treating soil pollution involving SSC. This phytoremediation
may prove very helpful in eliminating sulfide waste from soil
(Rahim and Koh 5).
To follow up, they could:
• test the effectiveness with soil polluted by actual (not
synthetic) SSC runoff on a large scale
• include more varieties of Scirpus grossus plants

This will test their conclusion’s accuracy in a ‘real-life’
situation of SSC pollution.

“Corn Field, Corn on the Cob” Lakeside Foods. https://www.lakesidefoods.com/careers/employee-experience/corn-field-corn-on-the-cob/

My Research
•I compared corn soil with soybean soil.
•Corn and soybeans are often grown on a crop rotation pattern;
meaning that each year alternates the type grown in the field (“Why
do they do that?”).

•I formed my questions based off this information.
•Is there a difference between nutrient content that may affect
growth or prosperity of the plants?
•Do their soils have similarities in mineral or nutrient levels that make
them particularly beneficial to one another?

Soybean success: timing matters” Grainews. Oct. 31, 2016.https://www.grainews.ca/features/a-clean-field-sets-the-stage-for-a-successful-soybean-crop/

Sieving Observations
While completing the
sieving lab, I noticed that
my corn and soy soils had
visibly different colors ->

My corn soil is noticeably
darker in color than my
soy soil. ->

My corn soil had plenty
<2mm soil while my soy
soil had very little <2mm
soil. Overall, my corn soil
was a larger amount.

I thought this may tie
into the future labs.
Darker color may reflect
more nutrients.

I had to grind up larger
bits of soy soil to get a
proper amount of the
<2mm fraction.

Cotton Test
Corn
Corn Cotton Observations

Soy Cotton Observations

Material rolled in on itself

Material better retained its shape

More heavily covered/stained
with soil

Stained with soil, but at a less
degree

Wider gaps in the cotton material

has minimal gaps in the cotton

Still soft and flexible

Still soft and flexible

Cotton tensile strength is very
reduced

Cotton tensile strength is
moderately reduced

Required very little pull to rip
cotton

Required a stronger pull to rip
cotton

Rip was fast and clean

Rip caused several strings to stick
out (material held itself together
better)

Soy

What does this mean?
My observations reveal that my corn soil likely has
a higher biological activity, as it caused the cotton
to decay more drastically.

Slake Test
My corn soil likely has a higher aggregate stability, stronger network of
binding agents/organic materials, and will be more efficient at providing
water for crops, as it was more resistant to the slake test. My soy soil
appears more prone to runoff and erosion.
Corn slaking observations

Soy slaking observations

Few air bubbles exiting, and at a slow
rate

Larger, faster, and more frequent air
bubbles

Slight fragmentation which settled on
bottom

Immediate high fragmentation which
settled on bottom

Water still mostly clear: little cloudiness

Water fairly cloudy

Re-submersion: little more
fragmentation, 1-2 more air bubbles,
and water still slightly cloudy

Re-submersion: much more
fragmentation, 3-4 more air bubbles,
and water still slightly cloudier than corn

(Corn)

(Soy)

POXC Lab

Corn results

Soy Results

𝑚𝑔 𝑅𝐶

𝑚𝑔 𝑅𝐶

1500 𝑘𝑔 𝑠𝑜𝑖𝑙
•

1470 𝑘𝑔 𝑠𝑜𝑖𝑙

These results are fairly similar
Corn overall has a higher level of milligrams of reactive carbon per
kilograms of soil.

All standards fit the line of best fit, so I believe these readings are
accurate.
It does not seem reliable to compare to class data; several classmates
noted errors and there is a very wide range. My soy results fit better
than my corn results, though.
• Class corn range: 159.4 - 13,400

𝑚𝑔 𝑅𝐶
𝑘𝑔 𝑠𝑜𝑖𝑙
𝑚𝑔 𝑅𝐶

• Corn values closest to mine: 4635.9
• Class soy range: 12- 41,700

𝑘𝑔 𝑠𝑜𝑖𝑙

𝑚𝑔 𝑅𝐶
𝑘𝑔 𝑠𝑜𝑖𝑙
𝑚𝑔 𝑅𝐶

• Soy value closest to mine: 1510

𝑘𝑔 𝑠𝑜𝑖𝑙

Potassium (K) Analysis
Corn Results
751

Soy Results

𝑙𝑏 𝐾

744

𝑎𝑐𝑟𝑒

𝑙𝑏 𝐾
𝑎𝑐𝑟𝑒

This number is above optimum/very high for corn

This is above optimum for soy

Possibly too much K: remedial action may be needed if too
high and affecting crops

No nutrient additions are necessary and K will not likely
limit crop yield

At a higher risk for negative/harmful effects on crops
Both of my readings for corn and soy were within reasonable range of classmates, but on the higher end of the range for
each. Other classmates were also commonly in the 700s for both.
• Corn class range: 391.8 - 751
• Soy class range: 229 – 976

𝑙𝑏 𝐾

𝑎𝑐𝑟𝑒
𝑙𝑏 𝐾

𝑎𝑐𝑟𝑒

(mine is highest). Values closest to mine: 710 and 714

. Values closest to mine: 732.2 and 757.6

𝑙𝑏 𝐾
𝑎𝑐𝑟𝑒

𝑙𝑏 𝐾
𝑎𝑐𝑟𝑒

Microbial Titration Lab
Corn Microbial Activity
73.9

Soy Microbial Activity

𝑚𝑔 𝐶𝑂2

126

𝑘𝑔 𝑠𝑜𝑖𝑙 ∙ 𝑑𝑎𝑦𝑠

𝑚𝑔 𝐶𝑂2
𝑘𝑔 𝑠𝑜𝑖𝑙 ∙ 𝑑𝑎𝑦𝑠

• Soy has a noticeably higher microbial activity

• My samples had a 7-day incubation
My corn titrations were very different so I do not believe my corn results are reliable.
• My corn results for titration 1 gave me a negative number in my calculations, so I used
only my second titration to calculate my corn results.

• I would need to redo my titrations for corn to make a solid conclusion
My soy titrations were very similar, so I believe my soy results are accurate. However, both
do compare similarly to class data:
𝑚𝑔 𝐶𝑂

2
• Corn class data range: 37.2 - 140 𝑘𝑔 𝑠𝑜𝑖𝑙 ∙ 𝑑𝑎𝑦𝑠

• Value closest to mine: 94

𝑚𝑔 𝐶𝑂2
𝑘𝑔 𝑠𝑜𝑖𝑙 ∙ 𝑑𝑎𝑦𝑠
𝑚𝑔 𝐶𝑂2

• Soy class data range: 49 – 159 𝑘𝑔 𝑠𝑜𝑖𝑙 ∙ 𝑑𝑎𝑦𝑠
• Value closest to mine: 102

𝑚𝑔 𝐶𝑂2
𝑘𝑔 𝑠𝑜𝑖𝑙 ∙ 𝑑𝑎𝑦𝑠

Potential Errors (1)
Cotton Test: My samples sat for 65 days, which is 5 days longer than the recommended 60. This may have caused them to
decompose slightly more, but should not affect the comparison between the two.

Slake test: I chose almost identical peds of soil to avoid error. My corn soil sat slightly longer before its re-submersion, which
may have caused it to fragment more upon re-submersion. It did fragment as expected, though (compared to initial
submersion).
POXC Lab: During lab, my corn and soy samples sat for about 20 minutes (instead of the recommended 10 minutes) before
recording absorbance, which I believe may have caused them to skew higher when compared to class data. This should not
affect comparison between the two and both still fit within class data ranges.
Potassium Analysis: My flame photometer reading for my corn filtrate bounced around before settling at 3.44. This may have
caused some error in my results; my finding of 751lbK/acre was the highest of class data, so my reading may have caused me
to overestimate the K concentration in my corn soil.

Microbial Titration error is on its results slide***

Phosphorus (P) Analysis
Corn Results

Soy Results

0.301 Absorbance

0.707 Absorbance

2.25 ppm by volume

5.27 ppm by volume

Visual estimate of P: 2 ppm by
volume

Visual estimate of P: 4 ppm by
volume

45.0
•
•
•
•

𝑙𝑏
𝑎𝑐𝑟𝑒

105

𝑙𝑏
𝑎𝑐𝑟𝑒

Corn's 22.5 ppm by mass is in the 'high' threshold for its crop
Soy's 52.7 ppm by mass is in the 'very high' threshold for its crop
Calculated concentrations align well with visually estimated concentrations
Couldn’t compare to class data as a lot of it was calculated incorrectly, but a few classmates were similar to mine:
𝑙𝑏
• Corn value closest to mine: 42.66
•

Soy value closest to mine: 109

𝑙𝑏

𝑎𝑐𝑟𝑒

𝑎𝑐𝑟𝑒

FTIR Results
Corn FTIR Spectrum

Soy FTIR Spectrum
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Water in
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Silicon oxides
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Organics
RA

Water in
lattice RA

Silicon
oxides RA

Aluminum
oxides RA

Class Range

4.34 - 8.34

4.18 - 6.76

58.82 - 73

31.1 - 38

Class Range

3.5 - 5.25

3.79 - 4.85

25.6 - 66.44

17.82 - 35

My result

5.07

5.05

66.1

33.7

My Result

4.55

4.1

65.8

33.2

The graphs reflect that my corn soil consistently had slightly higher peaks of absorbance than my soy soil.
My soy soil did not originally have labeled peaks for organics and water within solid lattice. I found these values myself using excel data.
In both samples, organics and water in lattice are very faint compared to iron oxides, while silicon oxides and aluminum oxides are
much more significant. Soy's organics and water in lattice peaks are even less faint (as they were not even labeled as peaks originally).

Soil
Texture

Corn: CLAY LOAM

Soy: LOAM

34% clay, 37% silt, 29% sand

24% clay, 47% silt, 29% sand

• Several others found clay
loam (most frequent), but
these classmates did not
indicate whether theirs sat for
the full 2 hours or not
• Some also found loam, clay,
and silty clay loam

• No other classmates found loam
• Others found clay loam
(most frequent), silty clay loam,
clay, and sandy clay
• However, almost all of these other
samples did not sit for a full 2
hours, yet mine did: their findings
likely have more error than mine
• There was more variability
between data here

*Note that mine have a very different clay and silt makeup, but
the same sand makeup

Corn EC
𝑢𝑆

451 𝑐𝑚 = 0.451

Electrical
Conductivity
(EC)

Soy EC
𝑑𝑆
𝑚

Crop threshold: 1.7

𝑢𝑆

526 𝑐𝑚 = 0.526
𝑑𝑆
𝑚

𝑑𝑆
𝑚

Crop threshold: 5.0

𝑑𝑆
𝑚

• Neither corn or soy crossed their thresholds, so no harm to crop
yield or extreme parasite levels are reflected
• Corn’s EC approaches its threshold more closely than soy
Soy has a higher availability of nutrients than corn does
Comparison to class data:
𝑢𝑆
(mine is highest).
𝑐𝑚
𝑢𝑆
(mine is highest).
𝑐𝑚

• Class corn range: 161.3 - 451
• Class soy range: 136.3 - 526

Overall mine are high when compared to class data, yet are
appropriate for crop thresholds

H2O2Reaction & pH
Corn H2O2 Reaction

Soy H2O2 Reaction

Max bubble height: 5.20cm

Max bubble height: 4.90cm

My H2O2 reaction was stronger with the corn sample (more bubbles), meaning that it
likely contains a higher organic matter.

Corn pH

Soy pH

7.83

7.51

Both are slightly basic on the pH scale and similar to class data:
• Class corn pH ranges 7.62 - 8.11 pH
• Class soy pH ranges 6.81 - 8.45 pH

Corn’s higher pH indicates a slightly higher buffering capacity than soy
Both are at pH level where N & P levels decrease and K, S, Ca & Mg levels remain steady

Potential Errors (2)
P Lab: Both of my absorbance readings increased
slightly before leveling. My findings for P levels
aligned with my visual estimates of P. My standard
absorptions on the graph fit the line of best fit well,
except 2.0 goes slightly above the line.

FTIR Lab: The soil put into the FT-IR was not
specifically measured (it was not supposed to be, but
this may cause some difference between
classmates). There was also some peaks down at
the 400cm-1 mark, which may have affected my
results. However it does not appear to have skewed
them. My results fit well with class data.

Soil Texture: In finding my results, I had to convert
my temperature recordings from Fahrenheit to
Celsius, which leaves a possible larger room for error
due to rounding. However, similarity to classmates
solidifies my results.

EC and pH: My EC levels seemed fairly high
compared to class data. My corn also had a higher
availability of nutrients, which goes against the
pattern of corn having higher nutrient levels. My pH
readings fit very well with class data (# ranges are on
results slide).

Overall Comparison

vs.

My corn soil often had higher values: higher biological activity, higher aggregate
stability, higher levels of reactive carbon, higher buffering capacity (pH), higher
levels of potassium, and higher organic matter
• This matches my hypothesis during the sieving lab of the corn soil being
richer in nutrients, as it has a darker color
• Corn even seemed somewhat over-nourished, in the potassium lab
Soy only had higher levels of phosphorus and higher electrical conductivity
• This answers my initial question of what they provide for each other: soy
seems to provide high levels of phosphorus that corn lacks in

Corn and soy soil often had similar results to one another
• This answers my initial question of whether they had similar properties that
made them particularly fit for rotation with each other
• Both have proper nutrient levels: none of my labs indicated that they were
lacking in any nutrients

Questions that I have after my lab results:
Were the corn and soy samples taken from fields that use crop
rotation?

Final
Thoughts

I would like to compare corn and soy samples that are from fields
without crop rotations vs fields that have had crop rotation, to see
what differences crop rotation really makes
I think it would be interesting to see the difference in nutrients that
crop rotation produces
I would like to also specifically look at nitrogen levels and redo the
microbial titration lab for a more revealing conclusion
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